Abstract -A conceptually s t r a i g h t f o r w a r d and useful procedure leading t o ( I ) -o r ( g ) -o l e f i n s i s presented. The method i s based upon t h e r e a c t i o n o f t h e r e a d i l y a v a i l a b l e ( I ) -o r (E)-l-bromo-2-phenylthioethene ( 1 o r 2 ) w i t h Grignard reagents i n t h e presence o f N i ( I I 1 o r Pd(I1) c a t a l y s t s . Other cat a l y s t s , 5.2. i r o n ( I I 1 ) d e r i v a t i v e s , and o t h e r organometallics, 2.2. z i n c reagents o r copper d e r i v a t i v e s , can a l s o be successfully used d u r i n g t h e s u b s t i t u t i o n o f t h e halogen. The s t e r e o s p e c i f i c i t y i s s 9 9 % i n t h e case o f (El-isomers and s l i g h t l y lower i n t h e case o f (I)-isomers. E n a n t i o s e l e c t ivTty i s achieved by using c h i r a l ligands. By appropriate choice o f t h e reagent, a l k y l -o r a r y l -s u b s t i t u t e d ethenes, 1,3-o r 1 ,6-dienes1 and conjugated enynes can be prepared. A l l y 1 and alkadienyl s i l a n e s can a l s o be obtained. The r e a c t i o n o f t h e l a t t e r compounds w i t h palladium c h l o r i d e leads t o conjugated tetraenes. Oienyl bromides o r ketones are prepared by r e a c t i o n o f t h e same compounds w i t h aluminum c h l o r i d e and cyanogen bromide o r acyl c h l o r i d e r e s p e c t i v e l y . The v e r s a t i l i t y o f t h i s method has been demonstrated by t h e s t e r e o s p e c i f i c synthesis o f i n s e c t pheromones and a number o f key s y n t h e t i c intermediates.
INTRODUCTION
The cross-coupling r e a c t i o n between alkenyl h a l i d e s and organometal l i c s represents a process o f special s y n t h e t i c value, as i t enables t h e stereodefined production o f a v a r i e t y o f systems w i t h a carbon-carbon double bond. A host of organometallic reagents can be used, b u t organocopper d e r i v a t i v e s ( r e f s . 1,2) o r Grignard reagents ( t h e l a t t e r i n t h e presence o f t r a n s i t i o n metal complexes) ( r e f s . 2,3) appear t o be as t h e most v e r s a t i l e . We performed an i n v e s t i g a t i o n w i t h t h e aim o f uncovering t h e basic mechanistic f e a t u r e s o f t h e r e a c t i o n w i t h organocopper reagents ( r e f . 4). Two types o f systems were studied: ( I ) -and ( E l -l -h alogeno-2-phenylethenes and 1 -halogeno-2-phenylsulphonylethenes. The two systems showed a d i f f e r e n t behaviour. A stereochemical pathway of r e t e n t i o n o f c o n f i g u r a t i o n was observed f o r t h e styrene system, whereas a v a r i a b l e stereochemical course depending upon t h e c o n f i g u r a t i o n o f t h e substrate, t h e nature of t h e l e a v i n g group, and t h e type o f cuprate was v a l i d f o r t h e sulphones. Furthermore, a marked l e a v i n g group e f f e c t (Br>Cl>F) was observed f o r t h e f i r s t system whereas t h e halogeno-sulphones were found t o be much l e s s s e n s i t i v e t o t h e change o f t h e l e a v i n g group (Br-Cl-F).
These and other r e s u l t s were explained i n terms o f two main mechanistic pathways w i t h b l u r r e d boundaries: a concerted s u b s t i t u t i o n o f t h e halogen should occur i n t h e styrene system whereas t h e halogeno-sulphones should f o l l o w t h e more common a d d i t i o n -e l i m i n a t i o n mechanism ( r e f . 5).
On t h e s y n t h e t i c side, an important r e s u l t o f our analysis i s t h a t c a u t i o n has t o be used i n regarding t h e r e a c t i o n s o f v i n y l h a l i d e s w i t h cuprates as s t e r e o s p e c i f i c when a c t i v a t e d systems are used. Furthermore, d u r i n g our i n v e s t i g a t i o n we took advantage o f t h e r e a c t i v i t y o f sulphonylethenes i n a d d i t i o n r e a c t i o n s o f cuprates ( r e f . 61, by s e t t i n g up a h i g h l y s t e r e o s e l e c t i v e procedure leading t o ( I ) -o l e f i n s ( r e f . 7). The method i s based upon t h e a d d i t i o n o f ( Z ) -d i a l k e n y l cuprates generated as described by Normant ( r e f . 8) t o -unsaturated Glphones t o g i v e products i n which t h e (I)-geometry o f t h e cuprate alkenyl group i s maintained. Oesulphonylation o f t h e r e s u l t i n g B,y-unsaturated sulphones leads t o t h e f i n a l o l e f i n . The o v e r a l l y i e l d s o f t h i s novel o l e f i n synthesis are i n t h e range 70-80% and t h e s t e r e o s e l e c t i v i t y i s higher than 99% (Scheme 1). The work presented above s t i m u l a t e d our i n t e r e s t i n t h e synthesis o f symmetric and non-symmetric 1 , 2 -d i s u b s t i t u t e d ethenes. Many procedures e x i s t f o r t h e p r e p a r a t i o n o f these compounds. However, t h e task becomes much more d i f f i c u l t when s t e r e o s e l e c t i v i t y i s required. We reasoned t h a t a simple synthesis o f both (L)-and (Z)-isomers o f 1 , 2 -d i a l k y land diaryl-ethenes could be based on sequential formation o f two C-C bonds which should occur when ethenes bearing two d i f f e r e n t l e a v i n g groups (LG) are reacted w i t h s u i t a b l e organometal l i c reagents according t o Scheme 2:
Scheme 2
A f t e r some e x p l o r a t o r y work, t h e substrates o f choice appeared t o be (L)-and (E)-l-bromo-2--phenylthioethenes 1 and 2. These compounds can e a s i l y be prepared according 6 t h e proce- dppe= Ph,PCH,CH,PPh, R ,R = a l k y l or aryl I n the f i r s t step, s u b s t i t u t i o n o f t h e halogen atom occurs a t a r a t e which i s s u f f i c i e n t l y f a s t t o leave t h e carbon-sulphur bond completely unaffected. The slower r e a c t i o n leading t o t h e s u b s t i t u t i o n o f the phenylthio-group can be performed using longer r e a c t i o n times and an excess o f Grignard reagent. I n order t o prepare non-symmetrical o l e f i n s ,
i t i s necessary t o use a d i f f e r e n t Grignard reagent a f t e r completion o f t h e f i r s t step. The isomeric p u r i t y o f t h e f i n a l product i s higher than 99% i n t h e case o f (E)-isomersand s l i g h t l y lower f o r t h e (L)-isomers. I n several reactions i t was found t h a t t h e use o f a Pd c a t a l y s t i n t h e f i r s t step o f t h e sequence leading t o (Ll-isomers gives b e t t e r stereochemical r e s u l t s .
However, N i c a t a l y s t s cannot be replaced by Pd c a t a l y s t s i n t h e second step. Often, i t i s n o t necessary t o i s o l a t e t h e v i n y l sulphide intermediate and the procedure can be performed successfully i n one pot. The r e a c t i o n s are c a r r i e d o u t a t room temperature i n e t h e r o r THF.
Secondary -primary group isomerization i s known t o occur f r e q u e n t l y i n cross-coupling r e a c t i o n s i n v o l v i n g simple a l k y l groups such as isopropyl o r E -b u t y l groups. Therefore, i n order t o extend the p o t e n t i a l o f our o l e f i n synthesis, we undertook a d e t a i l e d i n v e s t i g a t i o n o f our cross-coupling r e a c t i o n s w i t h secondary reagents ( r e f . 11 1. I n p a r t icular, since N i c a t a l y s t s are r e q u i r e d i n the second step whereas a v a r i e t y o f c a t a l y s t s can be used i n the f i r s t step, we focused our a
t t e n t i o n on t h e s u b s t i t u t i o n o f t h e halogen atom. It i s noteworthy t h a t t h i s r e a c t i o n provides a convenient r o u t e t o alkenyl sulphides, a c l a s s o f s y n t h e t i c a l l y important compounds. Therefore, besides representing a c r u c i a l step of our procedure, t h e s u b s t i t u t i o n o f t h e bromine atom i s also important i n i t s e l f . The r e s u l t s o f our i n v e s t i g a t i o n showed t h a t t h e r e a c t i o n s o f (L)-l-bromo-2-phenylthioethene w i t h isopropyl magnesium c h l o r i d e i n ether or THF and i n t h e presence o f PdCI2(PPh )
g i v e a r e l a t i v e l y l a r g e amount (32-66%) o f product derived from E -a l k y l -l -a l i y ?
dppe) reduces t h e extent 03 isomerization t o small values (56%) indipendently from t h e c o n f i g u r a t i o n o f t h e s t a r t i n g m a t e r i a l . The r e a c t i o n s w i t h E -b u t y l m a g n e s i u m c h l o r i d e are n o t influenced t o a s i g n i f i c a n t e x t e n t by isomerization. The cross-coupling process i s e f f i c i c n t l y catalyzed by i r o n ( I I 1 ) compounds such as FeCl , Fe(acacI3 (acac = acetylacet o n i d e ) , Fe(DBM)3 (DBM = dibenzoylmethyde) and (Fe(DPh3 (DPM = dipivaloylmethyde). Furthermore, t h e isomerization i s completely suppressed by using Fe(DBM) o r Fe(0PMl3 as a c a t a l y s t . As observed w i t h o t h e r c a t a l y s t s , the degree o f r e t e n t i o n 03 c o n f i g u r a t i o n i s
high.
2
Work i s i n progress i n order t o evaluate t h e p o s s i b i l i t y o f achieving an e n a n t i o s e l e c t i v e synthesis o f 1,Z-disubstituted o l e f i n s w i t h one o r two c h i r a l centres using c h i r a l complexes as c a t a l y s t s ( r e f . 12). So f a r , o n l y t h e f i r s t cross-coupling step has been subjected t o s c r u t i n y ( r e f . 13) and t h e p r e l i m i n a r y data obtained are reported i n Table 1 . . 121, (l)-3-phenyl-but-l-en-l-yl phenyl sulphide was oxidized t o 2-phenylpropionic acid, a member o f a f a m i l y o f w e l l known anti-inflammatory agents (Ibuprofen, Naproxen, etc. 1. Furthermore, t h e same compound was transformed i n t o o p t i c a l l y a c t i v e 3-phenylbutanal by adding HC1 and t r e a t i n g w i t h HgC12. Entry 3 represents an example taken from a wider i n v e s t i g a t i o n ( r e f . 14) which showed t h e p o s s i b i l i t y o f o b t a i n i n g (L1-o r ( g 1 -a l l y l s i l a n e s s t a r t i n g from compounds 1 o r 2.
SYNTHESIS OF MONO-OLEFINIC INSECT PHEROMONES OF (z)-OR (E)-

CONFIGURATION
Insect sex pheromones have become a v e r i t a b l e t r a i n i n g ground on which t o t e s t t h e u t i l i t y o f novel synthetic methodology. Therefore, we used our procedure t o prepare a v a r i e t y o f pheromone components o r t h e i r isomeric counterparts ( r e f . 15). Scheme 4 summarizes the synt h e s i s o f two mono-olefinic i n s e c t pheromones components and one precursor. The o v e r a l l i s o l a t e d y i e l d s were i n t h e range 6 5 7 5 % and t h e isomeric p u r i t i e s were higher than 98%. (ZI-Tricos-9-ene 3 (muscalure) i s the sex pheromone of t h e housefly mfusca domestical wcereas the effectiveness o f (ZI-heneicos-9-ene 4 when mixed w i t h 3 i s r a t h e r controv e r s i a1 .
(i)-2-methyl-octadec-T-ene 5 upon o x i d a t i o n gives (~)-7,8-epoxy-2-methyl octadecane ( d i s p a r l u r e ) t h e sex pheromone of t h e gipsy moth Porthetria disparl. The synthesis o f t h e corresponding stereoisomers was e a s i l y accomplished s t a r t i n g w i t h (E)-l-bromo-2-phenylthioethene w i t h o v e r a l l i s o l a t e d y i e l d s i n t h e range 8 5 9 0 % and isomeric p u r i t i e s higher than 99%. I n t h e case o f both types o f isomers, i s o l a t i o n o f the alkenyl sulphides intermediates was not required and t h e Grignard reagent f o r t h e second cross-coupling r e a c t i o n was added d i r e c t l y t o t h e r e a c t i o n mixture.
As reported in Scheme 5, the procedure was extended to the synthesis of pheromones having an a1 kenyl acetate structure. Grignard reagents obtained from l-halogeno-w-tetrahydropyranyloxyalkanes were reacted with compounds 1 and 2 in the presence of PdCl (PPh 1 2 3 2 (I-isomers) or NiCl (dppe) (i-isomers) to give l-phenylthio-w-tetrahydropyranyloxy-alk-l--enes with yields in the range 71-86%. The second cross-coupling reaction performed in the presence o f a catalytic amount of the Ni complex led to the tetrahydropyranyl-protected alkenols which were subjected directly to acetylation with acetic anhydride to give the corresponding acetates. The yields were in the range 73-81% and the stereoselectivity was 97-98% for the (2)-isomers and>99% for the (i)-isomers. In Table 2 the names of the insect species correspoidi ng to the pheromones prepared are reported. 
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Reagents: i, ThpO(CH2)6MgC1, PdC12(PPh3)2; ii, ; -C H MgBr, NiC12(dppe);
iii, Ac 0; iv, ThpO(CH 1 MgBr, PdC12(PPh3)2; v, C H MgBr, NiC12(dppe);
vi, ThpO(CH2)10MgBr, PdCl (PPh ) . vii, ThpO(CH2)6MgC1, NiCl (dppe);
viii, ThpO(CH ) MgBr, NiC12(dppe); ix, ThpO(CH ) MgBr, NiC12(dppe). 
Sweet potato leaf folder (Brachmia macroscopa)
SYNTHESIS OF DIENES A N D ENYNES (ref. 14)
We are c o n t i n u i n g t o explore t h e s y n t h e t i c p o t e n t i a l o f our o l e f i n synthesis. Although t h e r e s u l t s o f our i n v e s t i g a t i o n w i l l be f u l l y r e p o r t e d a t a l a t e r date, i t seems appropriate t o a n t i c i p a t e i n t h i s l e c t u r e a few r e l e v a n t r e s u l t s . 
Scheme 7 i)p-TosOH/MeOH OAc
The
and 2 w i t h (g) 2-silylvinylmagnesium bromide according t o eq. 1.
i)(&Me,Si-CH=CH-MgBrcat.
ii) RMgX/cat.
PhS-CH=CH-Br R-CH=CH-CH=CH -SiMe,
( 1 1
(1) or (Z) (E,E) or (_Z,E) yields 10-75%
This class o f compounds i s o f special i n t e r e s t due t o t h e w e l l known v e r s a t i l i t y i n
Diels-Alder r e a c t i o n s (ref.17 1 and i n o t h e r processes which i n v o l v e t h e s u b s t i t u t i o n o f
t h e s i l y l group such as t h e synthesis o f carbonyl compounds w i t h a diene s t r u c t u r e , according t o eq. 2 ( r e f . 18).
Our c o n t r i b u t i o n t o t h e expansion o f the s y n t h e t i c p o t e n t i a l o f these s i l y This compound together w i t h xhe (10g,12~-isomer) ( a-dimorphecolic a c i d ) has a t t r a c t e d considerable i n t e r e s t ( r e f . 19).
Scheme 8
Si F i n a l l y , i t was found t h a t t h e s i l y l -g r o u p i n these compounds can be replaced by a bromine atom by r e a c t i o n w i t h BrCN, f o l l o w i n g t h e procedure reported f o r v i n y l s i l a n e s ( r e f . 17b), thus o b t a i n i n g isomeric l-bromo-4-phenylthio-1,3-butadienes (eq. 4 ) . As shown above, dienes can also be prepared and t h e work i n progress eventually should lead t o an equally easy r o u t e t o compounds having two o r more double bonds w i t h t h e required geometry.
